Objectives. We examined the association between Helicobacter pylori infection and the incidence of diarrheal diseases.
Helicobacter pylori is a Gram-negative bacterium that colonizes the stomach. H. pylori infection is acquired in childhood and becomes chronic and persistent, unless it is treated [1] . In most cases, H. pylori infection is asymptomatic [1] , and diseases develop in a minority of the infected subjects. The infection causes gastric and duodenal ulcers [1, 2] and increases the risk of gastric cancer [3] and gastric lymphoma [4] , which usually develop in adulthood. Acute H. pylori infection is rarely diagnosed; it is accompanied by hypochlorhydria, which lasts for a few months [5] . The secretion of gastric acid also can be altered in the chronic course of H. pylori infection [6, 7] .
The high-acidity environment in the stomach is considered a major nonspecific barrier against the passage of enteric pathogens into the gut [8, 9] , and hypochlorhydria can increase the risk of diarrheal diseases [7] . Based on this information, it was assumed that H. pylori infection might increase the risk of diarrheal diseases and enteric infections. Indeed, several studies have shown an increased risk for diarrheal diseases in relation to H. pylori infection [10] [11] [12] [13] [14] . A case-control study in Gambian children showed a greater H. pylori seropositivity (53%) among children with chronic diarrhea compared with 26% in controls without chronic diarrhea (P , .01) [10] .
In Bangladesh, H. pylori infection was associated with a 1.6-fold increased risk of life-threatening cholera [11] . A follow-up study from Peru showed that H. pylori seroconversion in children was followed by a slight but significant increase in the risk of diarrheal diseases [12] . Additional studies supported these findings in respect to shigellosis [13] and typhoid fever [14] . However, other studies could not demonstrate such an association [15, 16] , and studies from Germany [17, 18] and the United States [19] reported an inverse association between H. pylori infection and diarrheal diseases. Given these conflicting findings, we conducted the current matched nested case-control study to examine the impact of H. pylori infection on subsequent diarrheal morbidity.
MATERIALS AND METHODS

Study Design and Study Population
A matched nested case-control study was conducted using anonymous stored serum samples that were obtained in the framework of cohort studies on enteric infections in the Israel Defense Force (IDF). The cohort studies were undertaken among male soldiers aged 18-21 years serving in field units who passed field training cycles lasting 3-6 months in 1988-1989, 1993-1994, and 1999-2001 . Subjects were maintained under clinical and laboratory surveillance throughout the field training cycles. Blood samples were obtained from the subjects who consented to participate in these studies (n 5 2964) before the start of follow-up, which spanned the field training period. The sampling frame for case patients and controls included 2772 subjects with complete data on diarrheal diseases and serum samples.
A case patient was defined as a subject who had visited the army base clinic with a complaint of diarrhea with a laboratory identification of enterotoxigenic Escherichia coli (ETEC), Shigella spp., or diarrhea of unknown etiology (stool sample was negative for ETEC, Shigella spp., Salmonella spp., or Campylobacter spp.). Case patients were excluded if the diarrheal illness started before the starting date of the follow-up.
The controls were subjects who did not visit the army base clinic because of diarrhea complaints and who did not have any episode of diarrhea during the follow-up period, as reported in the ''study termination questionnaire.'' Case patients and controls were individually matched in a 1:2 ratio in respect to the variables: year (cohort), platoon, and period of training. Case patients with ETEC-associated diarrhea were matched to controls at a 1:4 ratio owing to the smaller number of these case patients. Outcome Variable A visit to the army base clinic due to diarrheal episodes involved obtaining stool samples that were examined for bacterial agents. Stool samples were provided by 70%-80% of the case patients who visited the army clinic during the field training cycles. Diarrhea was defined as passage of at least 3 loose stools in a 24-hour period, based on the soldiers' self-report in the event questionnaire. The following outcomes were addressed: (1) diarrhea of unknown etiology, defined as diarrhea in which Shigella spp., Salmonella spp., Campylobacter spp., or ETEC were not detected in stool samples; (2) S. sonnei shigellosis, defined as diarrhea with the isolation of S. sonnei in a stool culture; and (3) ETEC-associated diarrhea, defined as diarrhea with identification of ETEC heat labile (LT) and/or heat stable (ST) toxins, detected by colony polymerase chain reaction. We did not include in the study 17 case patients with sporadic diarrhea in whom Campylobacter spp. (n 5 9) or Salmonella spp. (n 5 8) were cultured. Exposure Variable H. pylori infection was detected using a commercial enzymelinked immunosorbent assay (ELISA) kit for the measurement of anti-H. pylori immunoglobulin (Ig) G (Enzygnost AntiHelicobacter pylori II/IgG; Dade Behring), following the manufacturer's instructions. The sensitivity and specificity of the kit are 93.4% and 98.8%, respectively; in subjects aged #19 years, the corresponding values are 91.6% and 95.7% [20] . Sociodemographic Variables Information was obtained on: age (difference between the year of training and year of birth), number of siblings, number of years of education, and family origin. An average of 90% of the soldiers in the different cohorts were born in Israel. Family origin was classified according to the subject father's country of birth or, if born in Israel, the paternal grandfather's country of birth. Maternal grandfather's country of birth was used whenever the father's and the paternal grandfather's country of birth were unknown. Family origin was analyzed as a categorical variable with the following categories: West: Europe, America, Australia, New Zealand, South Africa; East: Asia (including Turkey) and Africa (excluding South Africa); and Israel.
Data Collection
Background data on the field training were obtained in the framework of the cohort studies, using entry questionnaires. At the start of each field training cycle, serum samples were obtained from the participants. Serum samples were separated in aliquots and maintained at 270°C until examination. Data on the sociodemographic variables were obtained from the IDF database. Information on the incidence of diarrheal diseases in the cohort studies was obtained through surveillance based on visits to the army base clinic as the result of a complaint of diarrhea. At these visits patients completed ''event questionnaires'' that included questions regarding presence of diarrhea and number of loose stools per day. In addition, stool samples were collected and examined for bacterial agents. At the end of the field training cycle, a ''study termination questionnaire'' was completed by the soldiers, who provided information on occurrence of diarrheal episodes during the cohort study period with or without visits to the base clinic.
Laboratory Methods
Stool Culture
Upon receipt at the IDF Army Health Branch Laboratory, the stool specimens were processed and inoculated on MacConkey, xylose lysine desoxycholate (XLD), Salmonella-Shigella (SS), and Campylobacter agars. After overnight incubation at 37°C, representatives of all nonlactose-fermenting colonies on MacConkey or SS agars or nonxylose-fermenting colonies on XLD agar were identified by routine morphologic and biochemical testing (Kligler iron agar, urea semisolid agar, Simmons' citrate agar, lysine iron agar). Isolates resembling Shigella or Salmonella underwent serogrouping and serotyping. Organisms defined as Shigella or Salmonella were submitted to the Reference Laboratories of the Israel Ministry of Health for confirmation and further identification. After incubation at 42°C for 48 hours in a microaerobic environment, suggestive colonies on the Campylobacter medium were selected for identification on the basis of bacterial morphology and oxidase positivity. Lactose-positive colonies growing on MacConkey agar were preserved in 20% buffered glycerol at 270°C for further analysis of ETEC LT or ST positivity. Polymerase Chain Reaction A validated polymerase chain reaction protocol based on detection of LT-and ST-specific plasmid genes was used for identification of ETEC from isolated colonies [21] . ELISA The presence of anti-H. pylori IgG antibodies in baseline serum samples was examined using the Dade Behring Enzygnost AntiHelicobacter pylori II/IgG commercial ELISA kit [20] , according to the manufacturer's instructions. Samples from the case patients and controls were tested blindly in the same ELISA 96-well plates and runs. Baseline Serum S. sonnei IGA and IgG Antibodies ELISA was performed as described elsewhere [22, 23] . Lipopolysaccharide (LPS) extracted by the method of Westphal and Jann [23] from a single strain of S. sonnei (form 1) was used as antigen. Goat anti-human IgG and IgA conjugated to alkaline phosphatase (Kirkegaard & Perry Laboratories) were employed as second antibodies. Control serum samples were included in each microtiter plate. Adjusted optical densities, derived from a linear regression analysis of 8 doubling dilutions, were expressed as end-point (adjusted optical density, 0.3) titers.
Statistical Analysis
Student t tests were used to examine the difference in the mean age and schooling years between case patients and controls, and v2 tests were used to examine the association between H. pylori infection and diarrheal diseases, as well as the difference in relation to background categorical variables, such as year, period and platoon of training, family origin, and number of siblings between case patients and controls; v2 tests were also used to examine the difference in the levels of preexisting anti-S. sonnei LPS IgA and IgG between case patients with S. sonnei shigellosis and controls. Multivariate analyses were performed using conditional logistic regression models. The analyses were performed separately for case patients with diarrheal diseases of unknown etiology, S. sonnei shigellosis, and ETEC diarrhea. Crude and adjusted odds ratios (ORs) and 95% confidence intervals (CIs) are presented. Data were analyzed using SPSS 19.0 (SPSS) software. Differences were considered statistically significant at P , .05 (2-tailed).
Ethical Considerations
The prospective studies, which are the source for the data and blood samples of the present study, were approved by the IDF
RESULTS
Five hundred ninety-five subjects were included in the study: 80 case patients with diarrheal diseases of unknown etiology, 66 with S. sonnei shigellosis, and 31 with ETEC-associated diarrhea, as well as 159, 132, and 127 matched controls, respectively. The case patients and controls were similar in age, education, platoon, and year and period of training (Table 1) .
Association Between H. pylori Infection and Diarrheal Diseases of Unknown Etiology
The proportion of H. pylori-infected subjects was significantly lower among case patients (36.3%) than controls (56.0%) ( Table 2 ). There was no significant association among family origin, number of siblings, and diarrheal diseases of unknown etiology (Table 2 ). In the multivariate analysis that controlled for number of siblings and family origin, H. pylori infection was associated with reduced risk of diarrheal diseases of unknown etiology (adjusted OR, 0.43; 95% CI, .24-.77; P 5 .005).
Association Between H. pylori Infection and S. sonnei Shigellosis A significantly lower proportion of H. pylori-infected subjects was found among case patients with S. sonnei compared with controls, 36.3% and 56.0%, respectively (P 5 .02). Higher levels of preexisting anti-S. sonnei IgA and IgG serum antibodies were also associated with lower risk of subsequent S. sonnei shigellosis; these associations were borderline statistically significant (Table 3) . In a multivariate analysis that adjusted for family origin, number of siblings, and preexisting specific serum IgA anti-S. sonnei LPS, subjects who were infected with H. pylori had 63% reduced risk of S. sonnei shigellosis (adjusted OR, 0.37; 95% CI, .14-.95). In a second model that included family origin, number of siblings, and preexisting specific serum IgG anti-S. sonnei LPS, H. pylori seropositivity was associated with a 62% lower risk of subsequent S. sonnei shigellosis (adjusted OR, 0.38; 95% CI, .14-.99), as was a preexisting higher level of S. sonnei IgG antibodies (P 5 .07) ( Table 4) .
Association Between H. pylori Infection and ETEC-Associated Diarrhea
The univariate analysis of the association between H. pylori infection and ETEC-associated diarrhea showed lower H. pylori seropositivity levels among case patients (32.3%) compared with the control group (45.7%; P 5 .17) ( Table 5 ). There was no significant association between family origin and ETEC diarrhea, but having $4 siblings was associated with higher risk of ETEC diarrhea (Table 5 ). In the multivariate analysis that controlled for number of siblings, H. pylori infection was associated with reduced risk of ETEC diarrhea. However, this association was not statistically significant (adjusted OR, 0.45; 95% CI, .17-1.19; P 5 .11).
DISCUSSION
In this nested case-control study we examined the association between H. pylori infection and subsequent morbidity of diarrheal diseases among soldiers at field training sites in Israel. H. pylori-infected soldiers had a significantly lower risk (57%) of diarrheal diseases of unknown etiology, independent of sociodemographic variables, compared with uninfected soldiers. H. pylori-infected soldiers also had a 62% reduced risk of S. sonnei shigellosis compared with uninfected soldiers. This inverse association was evident even after controlling for preexisting S. sonnei IgA and IgG serum antibodies, which are markers of previous exposure and of naturally acquired immunity against the homologous disease [24, 25] . H. pylori infection was also inversely associated with ETEC diarrhea; however, this association was not statistically significant. We used the variable ''family origin'' as a proxy variable for socioeconomic status. Family origin in Israel is strongly associated with socioeconomic status. For example, in 2010, 16.6% and 17.9% of the Israeli-born adults and those who originated from Europe and America were academic professionals, respectively. This is compared with only 8.2% of subjects who were born in Asia or Africa [26] . The average household density (persons/room) was 0.93, 0.95, and 0.77 in Israelis whose father was born in Israel, Asia/Africa, and America/Europe, respectively [26] . We found that family origin is a stronger determinant of H. pylori seropositivity than community socioeconomic status in the Israeli population [27] , suggesting that family origin reflects better living conditions in early childhood.
Our findings are in agreement with those of previous studies that reported an inverse association between H. pylori infection and diarrheal diseases [17] [18] [19] . Cross-sectional studies from Germany [17, 18] showed lower prevalence of diarrheal diseases in H. pylori-infected children (adjusted OR, 0.56) [17] and adults (adjusted OR, 0.67) [18] . In a US study, the role of H. pylori infection was assessed in relation to the incidence of secondary gastroenteritis in households with an index case of gastroenteritis [19] . This study showed that H. pylori-infected household members had a significantly decreased risk of secondary gastroenteritis (adjusted OR, 0.25); the authors attributed this inverse association to previous exposure and immunity to other enteric pathogens [19] . According to our findings, the protective effect of H. pylori infection against S. sonnei shigellosis emerges irrespective of the preexisting anti-S. sonnei IgA and IgG levels. In this case, this finding indicates that H. pylori may have an independent and active role against shigellosis and suggests the possibility that such active effect also can be true with respect to other diarrheal diseases.
During the chronic course of H. pylori infection, local and systemic inflammatory response is induced. The chronic phase of H. pylori gastritis links an adaptive lymphocyte response with the initial innate response. Cytokines produced by macrophages, particularly interleukin 12, activate recruited cells, for example, T-helper cells, that respond with a skewed T-helper 1 response [28, 29] and regulatory T-cell responses [30, 31] . The persistent activation of the immune response might lead to a nonspecific protective effect against enteric pathogens in the gastrointestinal tract. It has also been suggested that chronic infection with H. pylori and antral-predominant gastritis might induce increased secretion of gastric acid, resulting in an enhanced gastric acid barrier [2, 28] . Another possible explanation for this inverse association is that H. pylori is able to influence the immunologic responsiveness to transient intestinal pathogens by increasing specific mucosal IgA antibody secretion [32] . Furthermore, it has been proposed that H. pylori (especially CagA strains) might induce an antimicrobial host response through the synthesis of specific peptides that can enhance resistance to enteric pathogens [2, 33, 34] .
The prevalence of H. pylori infection has been decreasing in developing countries in the past decades [1, [35] [36] [37] [38] . It is possible that this decrease in H. pylori infection prevalence will negatively affect human health in respect to selected diseases. This is due to the fact that in addition to being a cause of gastric cancer, gastric lymphoma, and peptic ulcer diseases, H. pylori might be beneficial to humans [2, 28] . Recent studies showed inverse associations between H. pylori infection and esophageal diseases [39] [40] [41] [42] , asthma, and allergic diseases [43, 44] . Therefore, the disappearance of H. pylori from the human host could contribute to the parallel increase in the incidence of these diseases.
Our nested matched case-control study allowed us to assess the risk of diarrheal diseases in relation to previous exposure to H. pylori infection, which was determined in serum samples taken from the participants before the onset of diarrheal diseases. We were able to show the direction and temporality of the association between H. pylori infection and diarrheal diseases. This design also permitted the sampling of case patients and controls from the same source population. These individuals were then successfully matched according to factors that might have affected the risk of diarrheal diseases, such as training in the same platoon and year and season of training, reflecting living and sanitation conditions in the field units and seasonality. By performing this matching, we also controlled for the secular trends of H. pylori infection; the case patients and controls were sampled from cohorts enrolled during a 10-year period. These points can be regarded as the study's strengths.
Our study also had limitations that are worth mentioning. First, only male soldiers were included in the study. In addition, the sensitivity of the stool culture in detecting bacterial enteropathogens in the stool samples was limited; therefore, it is possible that some cases of unknown etiology represent falsenegative results of the stool culture. A potential selection bias toward the inclusion of moderate-to-severe diarrhea cases could have resulted because the case ascertainment was based on visits to the army clinic, and stool samples were not obtained from all case patients. Such bias is unlikely to be related to the H. pylori infection, because H. pylori testing was not a part of the initial cohort studies and was performed only in this nested study. This nondeferential selection bias is not likely to affect the OR. In conclusion, H. pylori infection may have an active role in protecting against shigellosis and perhaps other diarrheal diseases beyond the naturally acquired immunity due to common previous exposure to the enteric pathogens.
Notes
